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ABSTRACT: The absorption and CD spéctra of reaction centers from the

'pUrp]e-photosynthetTC“bacteria, Rhodopseudombnas'vjridis,,Rhodospiril1um

rubrum, and Chromatium are compared with those previously reborted’for

Rhodopseudomohas spheroides. The reaction centers, with the exception

of those from R. viridis, appear spectrally very similar. ‘The spectral
properties_of the bacteriopheophytin present in the reaction centérs give
no indication that the bacteriopheophytin is strongly interacting with
the reaction center bacteriochiorophy]] and imply. that the bacterfopheo-
phytin has no funétionvfh the frénsfef of electrons. The reaction
centers from purple photosynthetic Eacteria‘are compared-with those from
green'photogynthetic bacteria and higher plants. Significant differences
are found among the spectra of photoactive complexes from these three

classes of photosynthetic organisms.
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The reactlon centers of photosynthet1c organasms are comp]exes con-ffl

talnlng prote1n, (bacterlo)chJorophyll and other prlmary photoreactants o

of photosynthe515 These comp]exes exh1b1t 11oht 1nduced revers1b]e

absorptlon changes when a chlorophy]] mo]ecu]e within- the react1on center _

1osesban e]ectron.to_anvunknown pr1maryvacceptor. ,Assoc1ated with the
reactionhcenters in purbTe photOSynthetic bacteria there are normally

40 100 antenna bacter1ochlorophy11 (BCh])T-molecu1es' whi ch functibn to

transfer 1lght exc1tat1on energy to the react1on center Severa] pur1-v

_ fled or enr1ched react1on center preparat1ons have been made from these
bacter1a (Reed and-C]avton 1968, Reed ‘1969 G1ngras and Jolch1ne,_]969,
Thornber et ala, 1969 Thornber, 1970 Smith et al., 1972). This is in |
contrast to green photosynthet1c bacter1a and h1gher p]ants from which
purlfled react1on centers have not yet been 1so1ated Only samp]es-
venrlched 1n photoact1ve p1gments have been obta1ned from these two c]asses
- of photosynthet1c organlsms (Fow]er et al. 1971, Olson g__ 1 1972

a Kok_ 1961; Vernon et al 1969 ‘Sane and Park, 1970);' o

| Desplte muchveffort, 11tt1e is known about the detailed structure
or mechanisn ofaactionvefhthe.phdtoactive‘BCh]-proteins‘;'lg;vivg the
:reaction'centers'dfnburpie bacteria are'membrane-bOund within the
'chromatophore and 1so1at1on procedures requ1re the use of a detergent
-to re]ease and so]ub111ze the react1on center comp]exes. The presence

,of detergent in the react1on center preparat1ons 15 a hlndrance to many

_'_blochemlcal analyses such as mo]ecu]ar we1ght determlnatlons ' Even the

o Abbrev1at1ons used are' BCh], bacterlochlorophyll, BPh bacter1o-

_,pheophytin; SDS, sod1um dodecy] sulfate
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. numbér‘ofvpigméhtfmo1eéu1és present per protein remains unresolved.
Recent measurements (Feher, 1971; Clayton g@iglij 1972) indicate that

reaction centers from”RhOdppSeudomonas spheroides contain two molecules

of bacteriopheophytin (BPh) and either three, four, or five molecules
of BChl. Whether the BPh plays an important role in the electron transfer
reactions‘remains”unknowh. Molecular weight approximations of reaction

centers from R. spheroides (Feher, 1971), Rhodopseudomonas viridis (Thornber

and Olson, 1971), and Rhodospirillum rubrum (Smith et al., 1972) give esti-

mates ranging from 37,000 to 110,000 daltons.

The circular dichroism (CD) of reaction centers from R. spheroides
-‘in both the oxidized and;reducéd states has previously been analyzed by
~ Sauer et al. (1968). ’Théy cbnc]uded, on the basis of large changes in
the CD spectrum upon oxidatfon, that the reduced reaction cehter‘contains
three or more c]ose)y'coup1ed BCh1 molecules which exhibit exciton inter-
.action.' In‘the 6xidized state one of these'mo1eéu1é§ has been édﬁVekted
to a BCh1" radical and the CD evidence_for exciton interaction has disap-
peafed; A model for the structure of the reaétion center Was-pfopdsed‘
}in which the dxidizab]e‘BChl was located betweéh the other BCH] moie-
cules. Thus, in the oxidized forh, the remaining BCh] mo]écU]es éré'
separated by a BCh1+, the»distance between BCh1 mo]écuies has iﬁcréased,
and resonance interaction can is significantly attehuatéd, More retent
research (Phi]ipﬁbnuand Sauer, 1972; Schultz and Sauer, 1972;}Phi1ipson"”
et al., 1972} has confirmed the existence of excifon!interaction in photo- . -
_'synthétic'hateria1s. EPR measurements (Norris'gz,gll, 1971, McE]rqy et al.,
1972) are cohéisteﬁt withbthe concept of interacting reaction cenfér

molecules . |

i
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In thls paper we examlne absorptloncand cD spectra of react1on

centers from R 1r1d1 -and R. rubrum and of a preparat10n,enr1ched 1nfffii

reaction centers from Chromatlum (Fract1on AY (Thornber, 1970)~ These
speCtra are cdmpared'With'one,another and with the'previOUS results
from R phero1des. The reaction centers from pUrpIe bacteria appear

_ spectra]]y very similar, except for those from‘gg_viridis which show

~ some marked dissimi1arities,‘especia11y in,the 1ow_temperature absorp-
tion spectrum. No CD evidence of interaction between reaction center
‘BPh and BCh]lis'detected;‘fndicating that the BPh‘probab1yddoes not
.aCtive]y.participateLfn the e]ectron transfer reactfons.‘_A comparison |

is made between1the_reaction]centers of purple bacteria and those found

in green bacteria (01son‘gt;§1;ﬁ 1972) and higher p]ants (Ph111pso et al.

- 1972).

Materials and Methods
| The reactiothenters from R. viridis and Chromatium Fraction A
_were'preparedv{n the 1abbratory‘ofld. M"oigoh, usihg'the'metHOds of
Thornber (1970 ]971) Key steps in the. isolation procedures 1nvo1ve v-v
_,the use of the deterqent, sod1um dodecyl sulfate (SDS), for so]ub111- __'
zat1on, and hydroxy]apat1te chromatography The R. rggrgm_react1on
centers were prepared by N R Smlth in the 1aboratory of C Sybesma
' (Smlth et al., 1972) using SDS and sucrose density grad1ent centrifu-
u_gatlon Al samples were stored in the freeze-drled state and were
resuspended 1n the appropr1ate buffer just prlor to the experiments.
Absorpt1on spectra were recorded u51ng a Cary 14R spectrophotometer
and CD spectra were recorded uslng a Durrum-Jasco J 20 spectropolarimeter

~with sens1t1y1ty extended to 1000 nm. nght-m1nus-dark difference
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spectra were obtained,in-both,instfuments using side illumination at
530 nm by a projector équipped with a 150 W tungsten lamp. The wave-
léngth of 1{1lumination was defined by an interference filter and a
Corﬁing 4f94 filter. The incident 1ight intensity was measured to be
1

1.5 % 10° ergs om 2 sec!. The photomultipliers were shielded from

stray Tight with a Corning 2-64 filter.

Results

’ _ The’room température absofption and‘Cb spectra for a dilute suspension
of R. rubrum reaction centeré in both the chemically reduced and chemically
oxidized states are shown in Figure 1. The spectra-result from the long
wavelength, non-degenerate, Qy\trahSitions of BCh1 a and BPH a. Three
distinct peaks are seen in the reduced absorption spectrum. Those at
802 and 865 nm are attributed to BCh] a transitions and the peak at
755 nm is‘usually assigned to BPh a (but see.Feher, 1971). The 802 and
865 nm components are commonly referred to as P800 and PS?O réspective]y,
Upon oxidation there is a bleaching of the 865 nm abSOrption'band_and a
blue shift of the‘802 nm component. These spectral effects, caused by
oxidation‘(whethervinduced by light or chemicé]s), are QualitatiVely
similar in all purpie bacteria reaction center preparationé and produce
'avcharacteristic.oxidized-minus-reduced absorption difference spectrum
(e.g., Figure 5b). o

;-The CD spectyum (Figure 1) for this sample shows components at

860 (+), 810 (-], 795.(+), and 745 (=) am. [The symbols (+) and (-)
after the wavé]ength'ﬁa1ues indicate the signs of the (D components .}

Oxidation causes the 860 nm peak to disappear, the 810 nm trough largely
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to dlsappear, and an. 1ncrease 1n.magn1tude of the 795 m peak 'The
cD (in the reg1on_of BCh] a absorptlon) has thus changed from a three .
to a two component spectrum The spectra shown 1n F1gure 1 for R.
"[ubrgm_react1on centers are very s1m1]ar apart from some wave]ength
'dlfferences in the ox1d1zed CD spectrum to those prev1ous]y described
:'vfor R phero1des react1on centers (Sauer et al. 1968)
 The reduced and oxidized absorpt1on and CD spectra for ‘the 600
and‘535 nm’(Qx) tran51t1ons of BChl a and BPh a, respect1ve1y, are shown
in Figure 2 for'the R. -[ubrum_reaction centers. :’In these spectra the

.only 51gn1f1cant changes ow1ng to chem1ca1 ox1dat1on occur in the '

reglon.of the BChT a transltlon. Here the CD is s1gn1f1cant1y affected

by the redox state of the photoactive complex, golng from a positive ’
'componentrat,GQS‘nmito a negative onevat 595 nm upon ferricyanide
addition. The'presence of scattering'is responsible for a portion of

the absorpt1on in th1s reg1on and 1t is poss1b1e that the negat1ve]y

lespIaced base11ne at 650 nm in the CD spectrum of the reduced reaction B

centers is due to a scatter1ng artlfact
The absorpt1on and cb resu]ts (F1gure 3) for R, viridis reaction

" centers at room temperature qua]1tat1ve1y resemb]e those for R. rubrum

_The.maJor dlfference 1s the much 1onger wave]engths at which the chromo-
’»phores absorb Here the photoactlve plgments are P830 and P960 by con- :
trast with P800 and P86 in R.. rubrum. Part of th1s wave]ength sh1ft 1s' .

. explalned by the presence 1n R v1r1d1s of BCh] b rather than the more
common BChl a, 1n acetone BChl a and BChl b absorb at 771 and 794 nm

_resoectlvely (EltheIIen et’ al., ]963) The-structure of this molecule

o (Brockmann and K]eber 1970 Baumgarten, J971), a]though not comp]ete]y R

e
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known, is cldse1y ke]ated to that of BChJ_aK A]sd, in this reaction
centér; there is no clearly resolved absdrption peak due to BPh'b. The
790 (-) m tomponeht in the CD (Figure 3] implies, howevér, that this
pfgmenf'fs present; the analogous component, at 745 (-} nm, inlg;.rggigm
is clearly éséociated with the BPh'a'absokptfon peak. o

| Signiffcant differenceS»in thevabsorption properties of R. viridis |
and’B;_gggrgm_reactidn centers are found at 77°K (ngure 4). InR.
| virjdfs (Figure 4&} the Tow témpérafure_ébéorptibn spectrum reveals
much new structure, In the reduced state fivé compbnents are:resolved.'
P960 is split into_two.components_absorbing atv929 and 987 nm-and P830
shows peaks at 833 and 816 nm and a shoulder (probably dué to the BPh b)
at 790:hm; Chemical oxidation caﬁses bleaching of both long wavelength:
'hands and leaves two Eeso]Ved components at the shorter wavelengths.

| The R. rubrum reaction centers (Figure 4b) show.no new structure
~at liquid nitrogen température. The 865 nm band is shifted to 830 nm,
and P80Q, in both féduced and'oxidfzed states, is narrowed but does not
reveal ahy hew compohents. -Feherv(1971) has reborted that second
derivative spectroscbpy shows two cdmponents in the reduced P800 of R.
- spheroides reaction centers at 77°K. The small peak at 890 nm in the
chemically oxidizéd spectrum is probably due to incomplete oxidation.

_Cﬁfomatium Fraction A is a BChl-protein with a molecular weight -
6f about 500,000 and with one photo-oxidizable (P880] molecule per
aﬁproifmate1y 45 BCh1 a molecules (Thornber, 1970} . .Since the absorp-
tibn and CD (Fiqure 531 spectra in this case, ére mbét]y a function of
the bulk BChl molecules rather than of the reaction éenter ifse]f, more .

information about the reaction center {s obtainable from the light-minus-dark



' absorptionr(Figure.SbL_and_CD'(FigureiGd) diff&renéé Spectra:v The absorp;
tion dtfference.spectrUm'(Figure‘Sb)_has the familiar shape:of a purp1e o
bacterial reactionscenter with components P800 and P880. The CD'deference
spectrUW-(FigUre 6d) for this enricheo fraction’can be compared'with dif—
ference spectra ca]culated from the data for the pur1f1ed react1on centers '
of R. V1r1dls, R. rubrum, and R. phero1des (Sauer et al. 1968) (F1gure v
6a, b c) Aga1n the Chromat1um react1on center. appears to be qu1te s1m11ar

to other purp]e bacterla reaction centers.

The CD spectrum of a BChl proteln is a sen51t1ve measure of BCh] BCh]
interact1on within the prote1n. A perturbat1on of the prote1n wh1ch affects
“the spatia1'arrangement of BCh]bmolecu1esvwfth respect‘to_one.another can
result fn.largeIChanges'in the CD. Furthennore, if the interaction is

strong enough,_; .., an exc1ton 1nteract1on (Kasha et al. 1965), as it

appears to be 1n many;photosynthet1c mater1als (Ph111pson and Sauer 1972; _

| Schultz and Sauer, 19]2. Ph1]1pson et a1 1972), theory pred1cts a
characteristic CD spectrum with multiple components of both positive and -
negative'sign (Tinoco; 1963). For non-degenerate transitions the number
'of}re501ved components-will always be less than oriequal to the number |
v of‘interacting.mo1ecu]es. PnrevBCh1 in solution exhibits a small CD
with a'single*positive cbmponent in the long wavelength region.

Since CD s more sen51t1ve than absorptlon spectroscopy to protein
conformat1on and 1nterm01ecu1ar 1nteract1on a compar1son of the CD
spectra of react1on centers from different organ1sms can reveal 51m1-

larities or. d1fferences between the BCh]—prote1n comp]exes that may be

Pyl
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undetectable in absorption experiments. We find that B;:spheroides and.
B;!Eggrgm;reaction centers are:spectrel1y extremely Simi]ar and may even
| havevidentica1 configurations. |

The techniquee of absokption and CD difference spectroscopy show
that the reaotion,center.fn Chromatium Fraction A a}so has much in
common with the R. spheroides reaction center,'the‘main difference
being the shjft of thei1ong—wave1engtn transition_from 865 to 885 nm.
The sourCe of this is probably a s1ight1y altered arrangement of reaction
center BCh) a molecules, possibly due to the presenoé of the antenna
BCh1 a in this preparetion

R. V1r1d1s react1on centers exh1b1t unique spectra] propertles,
especially at Tiquid nitrogen temperature where five reso]ved components
are found in the reduced absorpt1on spectrum. The five component spec-
trum implies at ]eéSt five reaction center pigment.molecuTes (both .
BCh1 b and BPh b). From the shape of its absorption and CD spectra
(Figure 3) and from its spectral behavior upon oxidation (Figures 3 and
6a)_ft is obvious‘tnat the reaction centers from the BCh1 b-containing
R. viridts have muon'in common with those from other purple bacteria
It is .thus p0531b1e that more components are present but unreso]ved
in the react1on centers from the other purple bacter1a The fact that
two components at 929 and 987 nm (Flgure 4a) are b1eached in the oxidized
states raises the possibility tnat Bi_viridis contains two different
reactfon_centens;  if'thjs is correct, it remains to be determined
whether both reaction centers reside simu]taneous1y~on‘the some protein
or;whether they are éeparate proteins whioh can be_fsolated from one
another. Experiments must also determine whether both photoactive oom-

ponents, P930 and P990, pTay identical roles in the electron transport
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‘pathways\ AnomaTous}titratfon curyes (Thornber andZO]SOn 1971} for R.
“v1r1dls reactlon centers have a]ready po1nted to the presence of react1on
centers with d1fferent m1dpo1nt potentials. o
BPh a, or1q1nalyythouqht to be a contam1nant (Clayton, 1966) in
'react1on center preparatlons, has been found in sto1ch1ometr1c amounts

in more recent preparat1ons (C]ayto t 1 1972)_and_1s now cons1dered
to be an 1ntr1ns1c part of react1on centers. 'What_function, if any, |
these mo]ecu]es p]ay 1s unknown The'745v(-) (Figure 1) and 790.( ) nm
(F1gure 3) CD components of the R rubrum and R. viridis react1on centers,
]attr1butab1e-to,BPh,.undergo no s1gn1f1cant changes upon ox1dat1on,
imp]ying thattthe'BPh‘molecules are notbfnteracting_strongly with theh
oxidizab]é'BChT_mo1ecu1es; ‘This conclusion is further supborted by the B
spectra of the.B;.gugggm_reaction centers in the Q, region (Figure72). |
The 535 and 600 nmeabsorption peaks are well separated-and‘can be
ass1qned with conf1dence to BPh and BChl respect1ve1y In the CDvspec-
trum the component due to BCh] a changes dramat1ca]1y with ox1dat1on,
wh1]e the BPh a spectrum remains essentially unchanged.
Although_react1onncenters_from green photosynthetjc bacteria;':

(P840) and higher plants (P700) have not yet been isolated, the absorp-

tion and CD difference spectra of samp]es enriched in P840 and P700 have

' recent1y been stud1ed (O]son et al., 1972; Ph111pson et al., 1972) in
this laboratory. The Photosystem I reaction center from spinach chloro-
plasts (Phl]lpson et a1., 1972) appears to have at least two Chl a
molecules coup1ed bv exc1ton 1nteract1onm The 11ght-m1nus dark d1f-

| ference CD spectrum for the enriched P700 preparation has two components

~of opp051te s1gn, 51m1]ar to what is found for purple‘bacter1a1 reaction

e
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ceniefs (Figure.G)g'_The}signs'of fhe Tong and short wayelength coﬁ-.
pbnents for théléh]oropfast bréparations'are;reyerﬁed:re]ative fo those
from bacteria, however. A]though_the.spinach and purple baéte?f&] reaction
centers méy resemble one another in having strongly interacting chromo-
phores, the detailed arrangement of pfgménts within these different
féaction céntefs is significantly different. | |

~ The reaction centers from green bacteria (Olson et al., 1972)
appear.to be fundamentally differént from those in purple bacterié or
higher plants. A]though_the difference absorption spectrum for the.green

bacteria has two negative components, the difference CD spectrum shows

only a single negative component. Thus, the CD studies of reaction

\centers‘from'at least three major classes of photosynthetic organisms

'reveal significant differences among the different classes of reaction

centers on this sensitive level of examination.
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Figure Legends -

FigUfe 1. Absorption and CD spectra of R. rubrum reaction centers .

Reduced and oxidized -=--=-. T = 24°C, 1 cn pathlength, 50 mM
tfis buffer»(pH-s;O).,:$plid.Sodjum éscorbaté added to reduced sample

vand'potaSSium ferricyanide crystals added to oxidized sample.

Figure 2.- Absorption and CD spectra of R. rubrum reaction centers.

ReduCed:

tris buffer (pH 8.0), Agy, = ;52, Sodium ascorbate added to reduced

sample and potassium ferricyanfde éryéta1s added fo oXidized sample.

Figure 3. Absorptfon and CD spectra of R. viridis reaction centers.

‘Reduced ——— and oxidized ------. T = 24°C, 1 cm pathlength, 50 mM
tris buffer (pH_S(O); Samp]eé'feduced with solid sodium ascorbate

and_oxidizedeith'crys£a1line pqtassium ferricyanide.

Figure 4. Low temperature absorption spectra of R. viridis (a) and

R. rubrum (b) redétion_centérs. “Reduced — and oxidized ------.
T = 77°K, 3 mm pathlength, glycerol:50 mM tris (pH 8.0) (1:1, v/v).
- Samples reduced with sodium ascorbate and oxidized with potassium

ferrfcyahide.

Figure 5. - Spectra of Chromatium strain D, Fraction A. a) Absorption

and CD. b) Light-minus-dark difference'absokption.. T = 24°C, 1 cm

pathlength, 50 mM tris (pH 8.0), 3.3 yM phenazine methosulfate. Activa-

tion wavelength, 530.n¢;

and oxidized ------. T = 24°C, 1 cm pathlength, 50 mM
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vFiguré 6. Oxidized—minus—reduted difference CD spectra. a) R. viridis

reaction centers. Calculated from data in Figure 3. b) R. rubrum

- reaction .centers. - Calculated from data in Figure 1. c¢) R. spheroides

reaction centers. Calculated from data in Sauer et al. (1968), Figures

2 and 3, normalized to équivalént concentrations. d) Chromatium Fraction A.

.~ Light-minus-dark CD spectrum. Activation wavelength, 530 nm.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.




-

TECHNICAL INFORMATION DIVISION
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720

/l’





